Previous studies have shown that the cellobiohydrolases of the white rot basidiomycete Phanerochaete chrysosporium are encoded by a family of structurally related genes. In this investigation, we identified and sequenced the most highly transcribed gene, cbhl-4. Evidence suggests that in this fungus the dominant isozyme, CBH1, is encoded by cbhl-4.
The white rot fungus Phanerochaete chrysosponum has been widely studied as a model organism for lignocellulose degradation (3, 6) . In submerged culture, P. chrysosporium secretes a complex array of degradative enzymes, including three classes of hydrolytic cellulases: endoglucanases, cellobiohydrolases (CBH), and ,B-glucosidases. Multiple CBH isozymes have been characterized (11) . One isozyme, CBH1, constitutes 12% of the total extracellular protein (11) .
Various studies have shown that the number, structure, organization, and regulation ofP. chrysosporium CBH genes are unlike previously described cellulolytic systems (1, 2, 9) . Six cbh-like genes have been cloned and characterized, although the individual translational products of these genes have not been identified. Three genes, designated cbhl-1, cbhl-2, and cbhl-3, were shown to be clustered within a 25-kb region. Competitive reverse transcription-polymerase chain reaction (RT-PCR) techniques showed that cbhl-l and cbhl-2 were constitutively expressed at low levels (1). Transcript levels of cbhl-3 were approximately 1,000-fold higher than those of cbhl-l and cbhl-2 under cellulose induction in submerged culture (2).
Multiple alignments of partial DNA sequences clearly showed that cbhl-3, cbhl-4, cbhl-5, and cbhl-6 represent a highly homologous subfamily distinct from cbhl-l and cbhl-2 (1). Pairwise comparisons of deduced amino acid sequences within this subfamily show approximately 85 to 95% identity (1). Investigation of the transcriptional regulation of these genes is lacking, in large part because of the difficulties in distinguishing such closely related transcripts.
In this study, relative levels of cbhl-3, cbhl-4, cbhl-5, and cbhl-6 transcripts under cellulose induction were determined using competitive RT-PCR techniques (5) . The strategy involved first-strand cDNA synthesis with an oligo(dT) primer followed by PCR amplification with primers specific for each gene (Table 1) . Gene-specific primers were designed to amplify the same intron-containing region of all four genes. Dilutions of competitive genomic templates were added to the PCR reaction mixtures. The initial concentration of a specific cDNA was then determined by estimating the dilution points at which the concentrations of the target * Corresponding author. t Present address: Department of Genetics, University of Georgia, Athens, GA 30602. cDNA and competitive temnplate were equivalent. In each case, cosmid clones (1) served as competitive templates. By this method, cDNA levels were estimated to be approximately 0.01, 0.5, 0.02, and 0.05 ng for cbhl-3, cbhl-4, cbhl-5, and cbhl-6, respectively ( Fig. 1 ). Previous studies had shown that cbhl-3 transcripts are far more abundant than cbhl-l and cbhl-2 transcripts under cellulose induction (2). Thus, cbhl-4 is the most abundant transcript under these culture conditions.
The complete nucleotide sequence of a genomic cbhl-4 clone was determined (Fig. 2) , and introns were confirmed by comparison with the cDNA sequence. Comparison with cbhl-3 (2) showed that the positions and approximate lengths of the two introns were conserved, but the internal sequences diverge substantially. The possibility of additional introns in the 5' untranslated region cannot be ruled out by this analysis.
The deduced amino acid sequence of the cbhl-4 gene product is similar to other CBH gene products, especially that of cbhl-3 (9) . Overall, the two gene products are 79.2% identical, and most of sequence divergence occurs near the carboxy terminus in a region rich in Ser, Thr, and Pro residues. This region, often referred to as the hinge, sepa- sequence. Intron positions were verified from the cDNA sequence. The cDNA was amplified by RT-PCR (4) with oligo(dT) and 5'-AAGGTCGTCCICGACTCGAA-3' primers. Boxed amino acid sequences are identical to experimentally determined peptide sequences of isozyme CBH1 (11) . Double-stranded templates were sequenced by the dideoxy chain termination method (8) . Approximately 550 bp of 5' untranslated sequence of cbhl-4 was previously reported (1).
